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ABSTRACT

Purpose: The aim of the proposed research is to investigate the hydrogen effect on the 
high-nickel steel surface properties changing during machining and wear with participation 
of lubricant-cooling environments.
Design/methodology/approach: The approach of the fracture mechanics and physical-
chemical methods surface properties investigation was used to formulate the conclusions. 
Applying of lubricant-cooling (liquid, solid, gaseous) technological environments (LCTE) 
has change the morphology of chips and roughness of contact 23Ni1Mo3Ti steel surfaces 
depending on the experimentally fixed hydrogen concentrations (4.62…12.0 ppm).  It 
correlates with both the roughness of the treated surface and the nature of the cutting 
products fragmentation: the maximum concentration of hydrogen - in the chips coincides 
with the minimum size of its defragmentation and reduction of the surface roughness. For 
nitrogen and oxygen, a similar relationship is traced poorly.
Findings: On the basis of the fracture mechanics approaches it is confirmed, that in the 
conditions of the application of hydrogen containing (as chemical composition) (up to 12 
ppm) and hydrogen accumulated (in nano container) (up to 600 ppm) LCTE, hydrogen enters 
the near crack initiation contact zone before fracture and taking part in changing structural 
material fracture mechanisms, improves its mashinning processes.
Research limitations/implications: The results obtained on laboratory specimens 
should be tested during machining of real details made from high-nickel steel.
Practical implications: The created technological approaches can be used in practice 
evaluation of mechanical properties and residual of modern gas turbine parts.
Originality/value: It was shown, that hydrogen containing (in chemical composition) and 
hydrogen accumulated (in nano container) LCTE permits the hydrogen to enter in the near 
crack initiation contact zone before fracture and taking part in changing structural material 
fracture mechanisms.
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PROPERTIES

Originality/value: It was shown, that hydrogen containing (in chemical composition) and hydrogen accumulated (in nano 
container) LCTE permits the hydrogen to enter in the near crack initiation contact zone before fracture and taking part in 
changing structural material fracture mechanisms. 
Keywords: Lubricant-Cooling Technological Environment, Hydrogen, Chip, Wear Product, Fracture. 
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1. Introduction. Model and problem 
formulation. 

 
The modern complicated devices life cycle consists the 

parts manufacturing and their further exploitation. 
Preliminary studies have allowed to establish that to identify 
their destruction processes stage (for example in the friction 
or cutting conditions) it is nessessary to pay attention to the 
morphology of the wear and cutting products [1-5]. On the 
other hand surface-active substances appearance on the parts 
surfaces and hydrogen saturation (during electrilitic reaction 
or from the gaseous phase) of structural material surface 
layers has changes the intensity of their destruction 
processes [6-9], mainly due effect of electrochemical 
conditions in crack tip [10-14]. 

Hydrogen carriers that allow get of on the surface of steel 
are technological environments. For the parts mechanical 
processing during friction or catting applied the lubricant-
cooling (liquid, solid, gaseous) technological environments 
(LCTE). They are designed for lubrication of rubbing 
surfaces, cooling of the cutting tool and workpiece, 
facilitating the metal deformation process, timely and 
effective removal from the cutting area chips materials and 
tool wear products, as well as for temporary protection of 
products and equipment against corrosion. Thanks to this 
LCTE it has been increase the stability of the cutting tool, 
improve the quality of the products, reduce the cutting force 
and desired power [1,3,4].  

Traditionally, for metal machining use mineral oil as 
lubricant-cooling liquid (LCL). But mineral oil beside 
advantages that meet industry requirements, have a negative 
impact on workers and the environment in a wide range, 
including poisonous aerosols, oil fumes and soot, causing 
diseases of the skin and respiratory organs when disposing 
of waste soils and reservoirs. This prompted the 
development and practice implementation the safe 
biodegradable LCL for metal processing, which led to the 
use of agricultural products processing products, namely 
vegetable oils for tribological applications and machining 
technologies [3,4].  

Cutting technology of hard machined steels and alloys 
depends primarily on their chemical composition, which in 
combination with heat treatment determines the charac-
teristics of these materials: corrosion resistance, mechanical 
strength, heat-resistance, durability, etc. The high degree of 
steels alloying has a great influence on their workability due 
to the formation on the basis of disperse phases elements, 
firming of alloys solid solution, or such solid structure 
components as nitrides, carbides, intermetallic compounds 
that intensively wear the cutting tools.  

Nickel or nickel free austeniic stainless steels are 
difficult for machining. One of the reasons is their 
propensity to cold working, and the fact that a slight 
deformation leads to a strong metal strengthening. The metal 
high viscosity leads to the formation of a long chip that 
worsens the processing conditions [3]. But the use of LCL 
has significant effect on the steels and alloys mechanical 
workability. Thus, conducting experiments to determine the 
impact of different LCTE on the steels and alloys machining 
is actual task.  
 
 

2. Materials and experimental procedure 
 

It has been determined the efficiency of  LCL samples 
for machining (grinding) of dispersible hardening Cr-Ni 
steel 23Ni1Mo3Ti (10Kh11N23Т3MR) (EP 33) (can absorb 
hydrogen from 8 up to 25 ppm), which are used in the gas 
turbine and turbogenerator building industry. This steel has 
used for the blades, discs manufacturing, springs of 
particularly responsible purpose, which has operating at the 
elevated temperatures, other details of special fastening with 
a limited work period at the temperatures up to + 700C. For 
such details increased the requirements for heat resistance. 
This heat-resistant austeniic steel belong to class with 
increased cold resistance. The recommended maximum 
operating temperature for a limited period - up to + 700C. 
The temperature of the beginning of intensive scalling in the 
air environment ‒ up to + 850C [9]. 

The chemical composition of the investigated steel  
(Tab. 1) and ships is determined by means of the element 
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composition analyzer «Expert 02L». To produce two-
dimensional images of the surface was used Profilometr 
Dektak 6M (Stylus Profiler), and to obtain three-
dimensional surface images – NanoScope IVa (Veeco) 
(Technical Manufactures Corporation). The geometric 
parameters of the surface were investigated by the ACM 
method. The measurements were carried out with the use of 
the silicon nitride tip with a curvature radius of ~10…20 nm. 
The arrowhead geometry and its interaction with the 
investigated surface limit the resolution of measurements 
of horizontal dimensions up to 20 nm, and vertical less than 
0.1 nm. 

Mechanical properties of 23Ni1Mo3Ti 
(10Kh11N23Т3MR) (EP 33) steel (at T = 20°С): σВ = 900 
MPa, σт = 600 МРа, δ5 = 8 %, ψ = 10 %, KCU = 300 kJ/m2.  

On turning and screw-cutting MK 6141 machine using a 
cutter from the workpiece (in delivery state) with a 28 mm 
in diameter was cut off the circles. The cutter is equipped 
with no reeled cutting VК-6 plate. Before the technological 
operation the sharpening was carried out to have the same 
cutting conditions. Between the workpiece and the cutter 
was served LCL. It was carried out measuring the tool 
resource, tool wear and the chips formation. 

The roughness of the obtained surface was measured on 
a profilograph-profilometer model 201 and evaluated in 
accordance with norms (DSTU 2413-94 and GOST 2789-
73) by the height of the micro-surfaces Rz, which were 
determined according to the normative base length. 

Machining of steels was performed by dry, with water, 
with solid lubricant and with LCL.  

The stability of the cutting tool is one of the main criteria 
in assessing the LCL technological properties. The wear 
indicator is the width of the chamfer on the rear surface and 
the weight loss of the tool. Control, pre-selection and 
sharpening of the tool was performed in accordance with the 
standard (GOST 2034-84, GOST 10902-77) requirements. 

Chips photographing was carried out with the help of a 
digital camera Canon SX100 IS. The content of gaseous 
elements in samples was determined on the LECO ONH836 
instrument. Samples were cut into smaller fragments (max. 
1.5 mm) with metal scissors. Then they were 3 times washed 
with acetone in ultrasound apparatus through 15 min, and  
 

then dried in dryer with forced circulation at the temperature 
50C. For analysis used samples weighing about 400 mg.  
 
 
3. Results and discussion. 

 
Comparative experiments was conducted: at the 

beginning of the workpiece was processed on dry, after that 
was added water and LCL (3%). LCL has influence on the 
process of metal plastic deformation and carried out through 
its surface by physical or chemical adsorption. In this regard, 
the results of the surface investigation with LCL applying 
are presented. 

Thus, at the point the average speed of metal deformation 
in the cutting area is 103-105 s-1, which is by 5-7 orders 
exceeding the speed of deformation at static tension or 
compression and on the order – with the impact load, and the 
temperature in the deformation zone reaches 0.2-0.6 
temperature of the metal melting [3]. Considering that we 
conducted studies with steel that has a high ability to slander, 
the rate of deformation and other parameters can be greater 
than those in [3]. 

Previous studies have allowed to establish that the LCL 
application causes a decrease in surface roughness [3]. For 
example, the quality of the surface of steel samples at the 
level of rotor steel is improved by almost 1.5 times compared 
to LC Lm and 8 times compared with dry conditions.   

Results of assessment of surface roughness of 
38KhN3MFA rotor steel and 10Kh11N23Т3MR high nickel 
steel after the preliminary treatment in the above-named 
environments that are obtained after processing of 
profilalograms are shown the comparable effect (Tab. 2). 

The hydrogen concentration correlates closely with the 
surface roughness, the more rough the hydrogen 
concentration greater we recorded. Consequently, the 
destructive effect of hydrogen increases the roughness of the 
surface due to its physical or chemical adsorption.  

Figure 1 presented the of chips which was formed in the 
conditions of cutting without lubricants liquids. Adding 
water and different LCL has changed the morphology of 
chips. As example ‒ Figure 2 with the fragments of the 
shattered chips, which began to form when adding water.  
 

 
Table 1. 
The chemical composition of the investigated 23Ni1Mo3Ti (10Kh11N23Т3MR) (EP 33) steel (own analysis results) 

Chemical composition, wt % 
Fe Si Mn Cr Ni Mo V Cu Ti W 
60.217 
±0.137 

0.408 
±0.088 

0.171 
±0.050 

11.513 
±0.071 

23.090 
±0.112 

1.282 
±0.015 

0.061 
±0.033 

0.091 
±0.026 

3.015 
±0.067 

0.152 
±0.022 

(С up to 0.1%, S up to 0.01%, P up to 0.025% Al up to 0.8%, B up to 0.02%).   

3.  Results and discussion
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Table 2. 
The average values of the roughness Rz in dependence of hydrogen concentrations 

Environment Rz (rotor steel38KhN3MFA)/CH (ppm) Rz (high nickel steel10Kh11N23Т3MR)/CH (ppm) 
air 37.08/0.88 24.07/4.62 
water 5.01/3.14 2.08/8.61 
LCLs* 4.43/7.22 1.84/10.4 
LCLm* 6.36/7.8 2.25/12.0 

LCLs* ‒ on the base of sunflower oil; LCLm* ‒ on the base of sunflower oil. 
 

 
 

Fig. 1. Chips, formed in the conditions of dry cutting 
 

 
 
Fig. 2. Chips formed in the conditions of the water addition 
(fragments which were not found in the tests with dry 
conditions) 

 
That is, along with a long string, both began to appear 

and small in size fragments, formed due to changes in the 
processes of destruction. Changing the chips appearance 
allow that a significant impact on the processes of 
destruction can be a cause of hydrogen (Fig. 3, Fig. 4). The 
content of gaseous elements in the 23Ni1Mo3Ti 
(10Kh11N23T3 Mr) (EP 33) string, received in dry 
conditions (without lubrication) and with the use of LCTE 
(Figs 5-8) indicate that the maximum concentration of 
hydrogen in the ships coincides with the minimum size of its 
defragmentation and reduction of the surface roughness. For 

nitrogen and oxygen, the same relationship is a weak  
(Tab. 3). The highest concentration of hydrogen was 
recorded in the chips obtained from the LCL, containing 
mineral oil. Adding water and LCL has changed the 
morphology of ships. The next figures show that the smallest 
length was the chips, which was formed with the addition of 
LCL containing sunflower oil. 
 

 
 

Fig. 3. Chips formed with the addition of LCLs (three 
characteristic types with growing content of hydrogen: 
compact, drain and maxima possible thin-walled 
 

 
 

Fig. 4. Chips formed with the addition of LCLm 
 

Comparison of the impact of the of gaseous elements 
content in ships with the results of the Rz average values 
(Tab. 2) indicates the existence of certain patterns effects of 
these impurities on the state of processability of the studied 
specimens. Lubricant-cooling liquid that falls into the 
cutting zone has affected, besides the processing material 
clean unacidic surface by high temperatures and loads [3]. 

Under the influence of these factors involving the 
oxygen from the air and LCL are present the complex 
thermal and thermooxidative processes. 
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Fig. 5. Gaseous elements content in the 23Ni1Mo3Ti (10Kh11N23Т3MR) (EP 33) chips, received dry (without lubrication) 

 
 

 
 

Fig. 6. Gaseous elements content in the 23Ni1Mo3Ti (10Kh11N23Т3MR) (EP 33) chips, received when adding water 
 
 

 
 

Fig. 7. Gaseous elements content in the 23Ni1Mo3Ti (10Kh11N23Т3MR) (EP 33) chips, received when adding LCLs 

http://www.archivesmse.org
http://www.archivesmse.org


54

O.A. Balitskii, V.O. Kolesnikov, A.I. Balitskii, J.J. Eliasz, M.R. Havrylyuk 

Archives of Materials Science and Engineering RESEARCH PAPER

 
 

Fig. 8. Gaseous elements content in the 23Ni1Mo3Ti (10Kh11N23Т3MR) (EP 33) chips, received when adding LCLm 
 

Table 3. 
Gaseous elements content in ships 

 Experiments Elements, ppm 
  Oxygen Nitrogen Hydrogen 
1 АВ-d, dry 190 21.7 4.62 
2 АВ-c, water 149 25.2 8.61 
3 АВ-e, LCLs 141 25.0 10.4 
4 АВ-f, LCLm 241 27.8 12.0 

 
Cold worked chips has a high hardness, which causes 

opposition to the movement of the tool and causes the need 
for sharp and thorough sharpening of the of the tool working 
edge to ensure the metal cutting without the crumbs 
formation. The low thermal conductivity of the processed 
material is a factor of temperature increasing in the cutting 
zone, and therefore intensification of adhesion and diffusion 
phenomena, as well as intensive contact surfaces climbing 
and destruction of the instrument working parts.  

Machining is inevitably accompanied by a conversion of  
work into the heat, at least 80% of which imposed with a 
chip, the remainder is distributed between the cutter and the 
environment [3]. At the heat transfer also pours the ability to 
heat transmit through the LCL and steel properties. The 
greater concentration of oxygen on the cutting products may 
indicate the increase in oxidation processes due to greater 
heating. It is typical both for dry cutting mode and with the 
use of mineral oil. Water supply and LCL from sunflower 
oil reduce the amount of oxygen in the ships. 

Steel 23Ni1Mo3Ti (10Kh11N23Т3MR) (EP 33) belongs 
to disperse-hardening austenite class. That is, after the 
mechanical treatment of this type steels there is an 
opportunity due to complex thermal processing to 
significantly improve the different steels properties. The 
alteration of the chemical composition toward increasing the 

carbide form elements (C, Mo, Cr) and the elements 
contributing to the dispersion hardening (Ti, Al), will be 
leads to hardness increase. 

The high metal fracture toughness  leads to the formation 
of a long chip, which worsens the processing conditions. But 
the use of LCL allows moderated to influence the chips 
length. One of the factors is hydrogen penetration, which 
causes a decrease chips size due to the brittleness effect. 

The next stage in the studies is the prediction of 
hydrogen distribution in the surface and subsurface layers of 
the workpiece to ensure sufficient operational stability of the 
details after machining. The recorded hydrogen 
concentration in a ships ranging from 8 to 10 ppm provides 
the smallest surface roughness. Increasing concentration 
causes roughness increasing.  

Roughness reduction in the CLC presence in comparison 
with water presence  indicates the influence of new factors 
occurring as a result of other CLC components. 

It is known that the high-speed cutting Р6M5 steel 
consist the fine-dispersed martensite, alloyed by tungsten, 
molybdenum, vanadium and chromium, which has a 
comparison with constructional steel, elevated carbon 
content (up to 1%). During the period of work before the 
regrinding hydrophilic state does not occur and, therefore, a 
catastrophic hydrogen wear does not occur [1]. 

But when working in the forced cutting mode in the 
contact instrument-billet area there are high temperatures 
that lead to increased oxidation processes on contact 
surfaces and overheating with the participation of solid 
lubricants due to heat resistance tool loss , the same nature 
as in wear processes (Fig. 9).  

Hydrogen (which is a strong recovery) after getting into 
this zone first reacts with the oxygen from the air and 
protects the tool from oxidative wear. During metals cutting 
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in the gaseous hydrogen in the instrumental material has 
observthere the phenomenon of hydrogen-phase cold 
working, which significantly increasesed the density of the 
crystalline structure defects and the grinding of the block 
structure. 
 
a) 

 
b) 

 
c) 

 
 
Fig. 9. Three dimention AFM-image of the surface of the 
powder particle of layered (GaSe)0.25In0.75 alloy after friction 
with the surface of the steel: the versatile projection of 
images of the investigated powder surface (a, b), islands of 
surface-active areas with adsorbing oxygen (c) [16] 
 

The confirmation is the enhancement of the 
microhardness of the cutting blade surface and the treated 
sample surface after working in the gaseous hydrogen. It is 
improving the processing of structural materials in the 
gaseous hydrogen environment, which penetrates into the 
cutting zone under the influence of high temperatures, large 
contact stresses, high degree of plastic deformation and the 
embrittlement of the before fracture area and facilitating the 
chip formation process.  

As a source of hydrogen, hydrogen batteries are used 
based on intermethlides and composite materials, providing 
sufficient amount of hydrogen for long-term use during 
treatmen of difficult-machined materials, which possess 
high fracture toughness, durability and other special 
properties: Mg2NiH2, MgH2, TiHx, Ti2Ni(Hx) ‒ for high-
speed steels and Ti2NiHx, Ti2NiHx, (Ti-Mg)-Н, TiFe ‒ for 
hard alloys [15]. 

These type of materials include hydrogen intercalated 
water-layered (GaSe)xIn1-x alloys [1,16]. If directly during 
gas saturation with he crystal absorbs up to 400 mln-1 
hydrogen (the main number of which is placed in the van der 
Waals gap, forming a hydrogen-containing "nanobelt" with 
a thickness of several nm, then after the six months period at 
room temperature, the number of left hydrogen is on the 
level of 0.012 mass.% (it mainly leaves the "embodiment" 
position directly in the matrix layer and from the crystal has 
desorb the diffusion active moving hydrogen).  

By the electrolytic deposition hydrogen concentration 
can arise the 600 mln-1 immediately after saturation, 
however it has situated in the van der Waals gap near the 
sample surface, whereas during saturation from the gas 
phase it has distributed evenly throughout the entire volume 
(Fig. 10). 
 

 
 

Fig. 10. Unit cell of gallium monoselenides sinle crystals 
after hydrogen penetration in to layer (proton – ) and in the 
interlayer (molecules – ) spaces (hydrogen nano 
container) 
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Proposed and developed up to practice implementation 
safe biodegradable LCL for metal processing, which led to 
the use of agricultural processing products, namely 
vegetable (sunflower) oils for tribological applications and 
machining technologies at the same time permit the 
recycling of contaminated metallic chip based on eco-
efficiency and eco-effectiveness approaches [3,4,17,18].  

 
 

4. Conclusions 
 

1. Applying of lubricant-cooling (liquid, solid, gaseous) 
technological environments (LCTE) has change the 
morphology of chips and roughness of contact 
23Ni1Mo3Ti steel surfaces depending on the 
experimentally fixed hydrogen concentrations (4.62... 
12.0 ppm).   

2. It correlates with both the roughness of the treated 
surface and the nature of the cutting products 
fragmentation: the maximum concentration of hydrogen 
in the chips coincides with the minimum size of its 
defragmentation and reduction of the surface roughness. 
For nitrogen and oxygen, a similar relationship is traced 
poorly.    

3. It is confirmed, that in the conditions of the application 
of hydrogen containing (as chemical composition) (up to 
12 ppm) and  hydrogen accumulated (in nano container) 
(to 600 ppm) lubricant-cooling (liquid, solid, gaseous) 
technological environment, hydrogen enters the near 
crack initiation contact zone before fracture and taking 
part in changing structural material fracture mechanisms 
and improves its mashinning processes.  
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